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Chapter 1
Introduction: Agent-Based Modelling as a Tool
to Advance Evolutionary Population Theory
Jan Van Bavel and André Grow
1.1 Introduction
Demography has for long and repeatedly been described as a field that is rich in
methods but poor in theories (Burch 2003a; De Bruijn 1999; Tabutin 2007; Vance
1952). While there has been a lot of methodological advancement, the field has made
less progress in generating widely accepted theories that explain trends in fertility,
mortality, migration, or other aspects of population. Of course, to the extent that
the dynamics of human populations are governed by the same kind of forces as
other social processes, demographers can and do borrow theories from other social
sciences. However, to the extent that important aspects of population processes
really are a reality sui generis, the field would strongly benefit from more theory
development.
More than 10 years ago, Billari et al. (2003) recommended agent-based mod-
elling (ABM) as a tool to advance population theory. While a number of ABM-
contributions have been published in the mainstream demographic journals since
then, ABM still has not become a standard tool in every demographer’s kit and the
advancement of population theory through ABM still remains limited. Ironically,
Billari et al. (2003, p. 3) already pointed out an important factor hindering the
widespread application of ABM in population studies: the lack of theories. ABM
proceeds by implementing theoretical rules of behaviour, decision-making, and
interaction in a simulation and then investigates the resulting patterns that emerge
from this. So, on the one hand, in order to apply ABM, one needs theory; on the
other hand, we want to apply ABM in order to develop the theories we are lacking.
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In this introduction, we want to highlight one reason for this ‘Catch-22’,
namely the rather ‘closed’ concept of population that has been dominating the
field. Most of the effort in demography has been devoted so far to the numerical
monitoring of national population flows and structures. Not only has demography
been preoccupied with empirical data and techniques for analysing these data
(Burch 2003b), the field has also been preoccupied with data representing the
populations of nation states. The requirement to have ‘nationally representative’
data has important advantages, but it has hindered creative theory development. The
field should adopt a more ‘open’ approach to population to allow more flexible
experimentation with theories. We will argue how ABM offers a tool to help
bridging the gap between different approaches to the concept of population. Next,
we illustrate some of the arguments with examples from chapters in this volume.
Subsequently, we argue that evolutionary theory might be a particularly suitable
theoretical framework for developing population theory aided by ABM.
1.2 Two Concepts of Population
In the course of its development over the nineteenth and twentieth century,
an approach to population has come to dominate demography linked with a
‘closed’ concept of population. This approach prioritizes the descriptive coverage
of nationally representative population indicators rather than understanding the
underlying heterogeneity and processes (Kreager 2009, 2015a, b). Central to classic
demography has been the accurate bookkeeping of humans in national populations.
In the national demographic accounts, births and deaths represent the natural sources
of population flow. Migration is considered from a national point of view as well,
namely as outmigration from one country and immigration into another country.
The basic demographic equation describes how both natural and migration flows
affect the size and age structure of the population, and cohort component methods
can be used to project it into the future. Getting the rates right is central to
accurate national bookkeeping, depending on correctly counting the number of
demographic events to put in the numerator and enumerating the relevant population
in the denominator. The seminal work by Lotka and later developments in formal
demography exemplify this ‘closed’ concept of population (Dublin and Lotka 1925;
Schoen 2006).
This approach was closely connected with the rise of the idea of the nation state,
where nations are defined by a delimited population, sharing territory, language,
and historical experience (Kreager 2009, 2015a). It has been a powerful ally for
the establishment (and national funding) of human demography as a field. The
concept of the national population (and their smaller and larger scale derivatives)
has stimulated demographers to develop ingenious methods to measure fertility
and reproduction, mortality, and migration. It has inspired debates over things such
as replacement level fertility, about whether the increase of the TFR from 1.5 to
1.6 in some country represents a quantum or a tempo shift, or about the impact
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of immigration on the structure of the population. Such measures and debates have
enhanced our insight into important issues like population growth and decline,
the relative role played by quantum and tempo shifts in demographic trends, or
population ageing. This is great progress and looked at it in a specific way, it
could be called theoretical progress too (see Burch 2003a). Many key insights from
demography are important for the management of nation states and their institutions,
as the long-standing debate about below-replacement fertility and its relation to
population ageing illustrates (Van Bavel 2010a). Accordingly, demography has
become an important field “in service of the state” (Kreager 2015b, p. S32).
The fact that the national population has become the dominant point of reference
does not imply that demographers have failed to investigate variation within
countries (cf. Billari 2015; Courgeau et al. 2016). Notably towards the end of the
twentieth century, demographers have increasingly adopted regression analysis as a
tool to investigate how fertility, mortality, and migration co-vary with things such
as education, wealth, or religion. Courgeau et al. (2016) discuss more in depth the
advances made in demography, from studying national aggregates over individual
level modelling towards multilevel event history analysis, and they argue that these
advances may even be considered as paradigm shifts. Still, the national population
remained the standard point of reference, with analyses being carried out preferably
based on nationally representative samples, and comparative studies being carried
out between nation states.
While the ‘closed’ concept of the national population has been very instrumental
in the establishment of the discipline, the rather rigid approach may have hindered
the creative development of population theories. Methodologically, the dominance
of this nineteenth century concept of population is reflected in the heavy reliance
of demographic studies on either (single- or multi-country) census or nationally
representative survey data – to such an extent that sound studies of demographic
processes might be rejected due to a lack of ‘representative data’. Similarly,
theoretical work tends to be accepted as a serious scientific contribution only if
its relevance could be shown, empirically, on a census or nationally representative
sample (cf. Billari 2015). This is an extremely costly and inflexible requirement,
discouraging creative experimentation with new ideas. It limits the room for more
particularistic reasoning about how local conditions differentially affect certain
groups and their relations with others (Kreager 2015a, p. 73, 2015b).
Kreager (2009, 2015a, b) has shown how the concept of the enumerated, national
population as the standard point of reference got established at the expense of an
alternative concept of population. In the alternative ‘open’ approach to population,
the emphasis is not so much on enumerating all individuals who belong to the
country, but rather on the processes and structures that emerge out of the interactions
between heterogeneous individuals and their environments, embedded in social
groups and networks. The main concern in the ‘open’ study of populations is
understanding the processes and mechanisms that generate patterns of association
between individuals, such as mating or social networks, and how these processes
affect population change and heterogeneity. This alternative approach largely got
lost in most of the mainstream work in human demography but it remained very
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strong in population biology. The detailed observation of particular species in their
specific habitat by Charles Darwin exemplifies the alternative, more ‘open’ concept
of population, and this has remained the dominant population concept in the Modern
Synthesis in biology (Mayr 1991, 2002). While the emphasis in demography
has been on averaging demographic behaviour in rates (typically for national
populations and subpopulations) and calculating their long-term stable population
implications, the emphasis in population biology has been on heterogeneity and
change. In the words of Ernst Mayr: “The populationist stresses the uniqueness
of everything in the organic world. What is true for the human species – that no
two individuals are alike – is equally true for all other species of animals and
plants. [ : : : ] [F]or the populationist the type (average) is an abstraction and only
the variation is real” (Mayr 1959 cited in Mayr 2002, p. 92).
In order to understand the past, present, and future dynamics of populations as
networks of interactions, it is insufficient to survey and analyse statistically cross-
sectional snapshots of samples of individuals and their characteristics. Alternative
and complementary modes of observation are needed, including the kind of local,
small-scale observations to which Darwin devoted much of his life (Kreager
2009), or the kind of in-depth studies of local communities common in historical
demography (e.g., Kertzer and Hogan 1989; Tsuya et al. 2010). A more ‘open’
approach to population may also integrate insights from experimental research,
as a particular form of local, typically small-scale observations but with particular
strengths when it comes to drawing conclusions about causality.
A move towards a concept of population as a fundamentally open and dynamic
network of interacting individuals also calls for methods to study these dynamics
in a flexible way. ABM is a useful tool to help opening up the ‘closed’ approach
to population that has dominated the field. This, in turn, will help us to develop
and refine our theories of population processes. More precisely, ABM may help
us to bridge the ‘open’ and ‘closed’ concepts of population in a way that we
may benefit from the advantages of both approaches while acknowledging their
respective limitations.
1.3 How Agent-Based Modelling May Bridge the Two
Approaches to Population
Demography studies populations of individuals who interact in complex ways in
different layers of cultural and social environments. It often investigates emergent
regularities of such individual-level contextualized behaviour. ABM lends itself
quite naturally to deal with this complexity (Courgeau et al. 2016): ABM is
population oriented and applying ABM starts with imagining a population of
individual agents. Here, we want to highlight how ABM may bridge the two
concepts of population that we have just outlined. It can do this while maintaining
a view on both the micro (individual) and the macro (aggregate) level. In this way,
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it may help to address a major challenge in the development of population theory:
“[H]ow to combine theoretical principles that operate at the local level with concepts
of global population” (Hammel and Howell 1987, p. 142)? In order to see how this
can work, it is useful to draw on the ‘macro-micro-macro model’ that is at the centre
of the social mechanism approach to social theory (Coleman 1986, 1990; Hedström
and Swedberg 1998; Hedström 2005) and which recently has been introduced to
demography (Billari 2015).
1.3.1 The Macro-Micro-Macro Model and Agent-Based
Modelling
The ‘macro-micro-macro model’ shown in Fig. 1.1 builds on the tradition of
methodological individualism, in which social phenomena are viewed as the results
of the actions of the individuals that make up the social system under consideration.
Accordingly, proponents of the model argue that sound social science explanation
should refer to these individuals and include explicit references to the causes and
consequences of their actions (Hedström and Swedberg 1998, p. 12). In the model,
explanations proceed in three steps. In the first step, an explanation indicates how
the characteristics of the macro level affect the conditions and constraints that
individuals face (situational mechanisms); in the second step, it indicates the way
in which individuals assimilate these constraints and conditions in their behaviour
(action-formation mechanisms); in the third step, it indicates how the actions and
interactions of a large number of individuals bring about macro-level outcomes and
social change (transformational mechanisms).
Applying this model to demography, Billari (2015) highlighted that the last step
is the most novel and most important, but also the most challenging. It is most novel,
because the first two steps have featured in existing demographic research. For
example, the notion that the individual is affected by the characteristics of the macro
Macro level
Micro level
Step 1:
Situational
mechanisms
Step 3:
Transformational 
mechanisms
Step 2:
Action-formation
mechanisms
Fig. 1.1 The macro-micro-macro model in the social mechanism approach (adapted from Hed-
ström and Swedberg 1998; Billari 2015)
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level features prominently in the multilevel paradigm in demography; similarly, the
notion that the constraints that individuals face affect their decisions and actions
features in approaches such as life course analysis, in which the antecedents of
people’s behaviour lie in their own past (Courgeau et al. 2016). It is most important,
because it reconnects the individual level with the macro level. It is most difficult,
because the processes and dynamics by which individual interactions combine to
generate macro-level outcomes can be very complex and this can make them very
difficult to address with standard mathematical and statistical tools in demography.
For illustration, consider first the case of regression-based methods. The basic
format for this approach is that an individual- or population-level outcome is
“affected by” (Coleman 1986, p. 1328) a set of individual and contextual variables
that are combined additively and linearly. Non-linearities in the relation between
the different variables and the outcome are easily accommodated. Interaction effects
between variables can be estimated too, in principle, but when several interactions
between more than two variables are involved, then the model quickly becomes
hard to handle. The goal of this approach is to find reliable statistical associations
between the variables and the outcome, but it does not explicate the processes that
underlie these associations. For example, a regression-based model can show that
variation in the level of modernization is associated with variation in fertility rates
across countries, but it does not explain how the two are connected through the
actions of individuals. As noted above, multilevel models make it to some extent
possible to model the way in which macro-level variables affect individuals, but
even with this approach it is not possible to model the processes by which individual
interactions feed back into the macro level. Williams et al. (2016) discuss additional
problems that can arise from regression-based models. Similarly, econometric
approaches, like instrumental variables and selection models, are geared toward
isolating causal factors and assessing the extent to which the effect of variable X on
variable Y testifies of ‘true’ causality. While this may sometimes be an important
goal, also these models do not explicate the precise mechanism by which X and Y
are connected.
Consider next mathematical models. An important question in demography is
the role that social networks play for people’s demographic decisions (Prskawetz
2016). The timing of entry into first marriage, for example, has been assumed to be
affected by the number of peers who are already married. Hernes (1972) proposed
a mathematical model that can show that the share of married individuals might
indeed affect individuals’ age-contingent probability to enter marriage. Yet, similar
to regression models, this model does not explicate the processes and interactions
by which individuals influence each other in their marital decisions (Hernes 1976).
Even more, the model abstracts from social network structures that might exist in
the population and that might affect the timing and spread of the diffusion process
(cf. Cointet and Roth 2007).
For ABM, modelling transformational mechanisms and the interactions and net-
work effects involved in this is at the core of the business. For example, as Klüsener
et al. (2016) show, with ABM it is possible to implement socially and spatially
segregated networks and this increases our ability to explain (spatial) diffusion
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processes. This makes ABM a promising tool to facilitate theory development in
population studies. A second important quality of ABM is its ability to show “the
consequences of a few simple assumptions” (Axelrod 1997, p. 206). Given the
computational power that is currently available on standard personal computers,
and given the increasing access that many researchers have to grid computing, ABM
makes it feasible to conduct simple as well as more complex thought experiments
and to quantify the implications of different assumptions. ABM can therefore be
used as a powerful computational laboratory to conduct simple as well as complex
‘what if’ thought experiments in a flexible but precise way. As pointed out by
Prskawetz (2016) as well as Courgeau et al. (2016), with ABM, ‘toy models’
may therefore be employed to (pre-) test theories for which data are not easily
obtained or not (yet) available at all. In this process researchers are not constrained
to theorizing on the interplay between the individual and the population level alone.
As the chapter by Wolfson et al. (2016) illustrates, ABM makes it possible to also
consider all possible levels in between (e.g., schools, neighbourhoods, etc.). This
flexible scalability (see Miller and Page 2007, pp. 85–86) enhances the opportunities
for theory development, since theories can be developed at any level, while the
implications of the theory for phenomena at other observational levels can then be
computed.
This potential to conduct complex thought experiments does not mean that ABM
should replace standard tools in demographic research and empirical data altogether.
Quite to the contrary, we concur with Courgeau et al. (2016) that for making use
of the full potential of ABM in demographic research, the connection with earlier
modelling techniques is important. Such a connection enables to create empirically
calibrated agent-models that have more realism and validity than purely theoretical
simulation models.
1.3.2 Empirical Calibration
Calibrating agent-based models with empirical data is an important step in devel-
oping explanations of demographic change (Bijak et al. 2013; Courgeau et al.
2016; Hedström 2005). Such more advanced modes of computational experiments
mixed with observational data can take the following basic form: (1) develop a
theoretical model based on assumptions about individuals’ actions and interactions;
(2) calibrate the model to match empirical data; and then, crucially, (3) conduct
‘what if’ experiments: what would happen if we leave out parameter X? How would
things change if the empirical distributions would have been different than they
are under actual conditions? And what if individuals behaved differently? In this
way, after calibration, it is possible to perform counterfactual simulations that help
advocating between possible alternative processes.
Many chapters in this volume provide examples of empirical model calibration.
For example, Deconinck et al. (2016) draw on existing studies and expert knowledge
10 J. Van Bavel and A. Grow
to calibrate their model of severe acute malnutrition in terms of important population
parameters, thresholds, and decision processes. Kluge and Vogt (2016) use realistic
demographic rates (e.g., age-specific death rates and transition into public pensions)
to study how intra-familial transfers might help explaining observed patterns of
old-age survival. Similarly, Williams et al. (2016) develop an agent-based model
of the relation between armed conflicts and population change, in which key
individual-level decision processes are implemented as probabilities estimated from
a combination of survey and register data, which can be conceived as “evidence-
based action rules” (Hedström 2005, p. 132).
An application where the combination of theory-driven ABM with empirical data
may prove to become particularly useful for demography is in the field of population
projections and forecasts – one of the key areas of applied demography, closely
linked with nation state oriented demography using a ‘closed’ concept of population,
as discussed above. Projections proceed by calculating the implications of a set
of theoretical ‘what if’ assumptions about demographic rates; forecasts have the
ambition to yield realistic predictions about actual population trends in the future. So
far, forecasts as well as projections typically extrapolate macro-level trends without
being based on clear theories about the underlying micro-level behaviour. ABM
may help to improve this. While Prskawetz (2016) reminds us that explanation
rather than prediction is the primary purpose of ABM, she still hints at how it
can be used to improve demographic projections when she discusses the model
presented in Aparicio Diaz et al. (2011) about the transition to parenthood. This
highlights the potential of ABM to use theoretically informed simulation models to
generate potential population trends rather than just relying on extrapolations of past
and ongoing aggregate trends (Prskawetz 2016). ABM may also be instrumental
in integrating classic scenario-based projections and more recent probabilistic
approaches (Lutz and Goldstein 2004; Willekens 1990; Wilson and Rees 2005).
Classic scenario-based projections are mechanistic and fail to quantify uncertainty.
ABM offers the opportunity to really simulate scenarios while accounting for
heterogeneity on the individual level, including random components and probability
distributions, and to see what macro-level population patterns emerge. To facilitate
this process, researchers can rely on advanced statistical tools that make it possible
to systematically explore the uncertainty that exists in the outcomes of the agent-
model, as illustrated in the methodological chapters by Hilton and Bijak (2016) and
Grow (2016).
Evidently, increasing the integration of empirical data and existing methods with
ABM will also pose new challenges in terms of the complexity of the modelling
process. Richardi and Richardson (2016) provide an example of how some of
these challenges can be overcome with a new software tool that makes it possible
to combine micro-simulation with agent-based models and that allows easy data
handling.
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1.3.3 Avoiding Potential Pitfalls
In the end, any theory and model, as well as population forecasts, will have to
be tested with empirical data. In the empirical testing of an ABM, it is important
to keep in mind that the ability of the model to simulate (or ‘to grow’) an
observed empirical pattern is far from sufficient proof of its validity (cf. also the
chapter by Courgeau et al. 2016). It is not sufficient to show that an ABM can
produce results that are compatible with some set of observed data because the
model may contain so many parameters that it can be fitted to any set of data
(Grimm et al. 2005). Or, as rightly pointed out by Smaldino and Schank (2011,
p. 13), “if there are no empirical constraints on assumptions, almost any results
can be generated from different decision rules by varying assumptions about the
environmental structure”. The problem is that the model may be too flexible to draw
firm conclusions about its validity; that there are too many degrees of freedom. The
example provided by Smaldino and Schank nicely illustrates the issue: they show
that very different models, involving very different but plausible decision-making
rules involved in human mate choice, may all explain equally well the typical right-
skewed distribution of age at marriage (i.e., the distribution that was also targeted
by Billari et al. 2007 and Todd et al. 2005). The fact that a set of mechanisms
implemented in an ABM is able to explain some patterns of empirical observations,
even if all the available evidence has been used to calibrate the model, is therefore
insufficient proof that these mechanisms actually generated these patterns.
The challenge of having ‘too many degrees of freedom’ may look like a limitation
of ABM at first sight, but equivalent challenges apply to any kind of modelling.
Conventional statistical models face similar challenges: very different models might
fit the data equally well and a statistically significant ‘effect’ may actually be
spurious, even when we have a plausible theory to portray it as a causal effect.
Attacking ABM because it would claim to replace the role of empirical observation
in the scientific endeavour (like Venturini et al. 2015 do) is therefore an attack
on a straw man and misses the point. There is no antagonism between ABM and
empirical observations. The one cannot replace the other; to rule out alternative
scenarios and parameter values, scientists will still have to confront the model with
empirical data that can help making the distinction.
There are two general ways in which a model can be confronted with empirical
data to assess its validity. First, if there is a lack of empirical data, a model developed
during the stage of theory formulation may guide subsequent data collection to
advocate between model alternatives (cf. also Courgeau et al. 2016). In this step,
ABM can also make the data collection effort more efficient, by sorting out potential
candidate mechanisms before any data is collected. The chapter by Gray et al.
(2016) in this volume illustrates this point. Given the lack of empirical data on how
women decide whether or not to disclose their drinking behaviour to midwives,
the authors explore several plausible decision mechanisms derived from existing
decision theories. Their results suggest that there are characteristic differences in
the results that the different decision models generate and this information can guide
future data collection efforts to advocate between them.
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Second, if empirical data does already exist, researchers can assess whether the
model does not only reproduce the target outcome, but also other outcomes that were
not in the focus of model development. This form of ‘pattern-oriented modelling’
(Grimm et al. 2005) aims at assessing the structural realism of models and helps
to find the optimal zone of model complexity: addressing multiple patterns helps
avoiding models that are too simple in structure and mechanism, or too complex and
uncertain due to the high number of parameters. The agent-based model developed
by Grow and Van Bavel (2015a) provides an example of such structural realism.
The model was developed and calibrated with the goal to generate realistic patterns
of educational assortative mating in the light of changing educational attainment
in Western industrialized countries. Although patterns of divorce were not a target
during the development of this model, Grow and Van Bavel (2015b) could show that
it is able to also predict recent trends in divorce.
Summing up, the ability of a theory, implemented in an ABM, ‘to grow’ an
empirically observed pattern or trend from the bottom up is insufficient to consider
it a scientifically sound explanation. Such an ABM may be nothing more than ‘a
good story’, while other stories may explain the empirical observations just as well.
As always, the job on the to-do list then is to come up with clever ideas to set
up a competition between different explanations and to collect new data that may
differentiate between the right and the wrong story.
1.3.4 Bridging the Gap
We have emphasised that ABM allows linking the micro with the macro level
and that its theory-based simulation approach allows computing the implications
of hypothetical and empirically informed rules of action and interaction on the
macro as well as the micro scale, and all scales in between. In practice, then,
bridging ‘open’ and ‘closed’ concepts of population by means of ABM might work
in two major steps. The first step consists of the in-depth study of actions and
interactions in local populations, including rare events and exceptional instances as
well as experiments. In combination with pre-existing theoretical frameworks and
insights from earlier work, rules of behaviour and interaction (between individuals
as well as with the environment) may be implemented in the simulation model.
Already in this first step, ABM may be used for computational experimentation
and to calibrate a model that is able to replicate (“grow”, Epstein 2006) the local
observations. In a second step, ABM is used to simulate the micro- and macro-
implications of hypothetical rules of action and interaction outside the original
context. Part of the work involved in this second step, in order to make the jump
towards quantification in a closed population, is to infuse the models with real-
life observational data, which in demography will notably be information about the
distribution in that closed population by variables such as age, sex, and education
(see Grow and Van Bavel 2015a for an example), i.e. exogenously infusing the
ABM with information from traditional demographic approaches in order to make
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the model demographically realistic. It is only when the model is shown to work
outside the context of where it was originally developed that its external validity
can be demonstrated (cf. Hedström and Swedberg 1998).
To illustrate this process, consider psychological research that, more than any
other field within the social sciences, has a long and rich tradition of conducting
experimental studies to test theories. In combining ‘open’ and ‘closed’ population
concepts, such experiments can be a first step to gain insights into individual
behaviour and decision processes under controlled conditions. One shortcoming
of such experiments is that they are often based on convenience samples, with
undergraduate college students heavily over-represented in the data gathered, and
focus on behaviour under sometimes unrealistic conditions. To avoid that the
theoretical claims tested in such experiments hold only true for “the weirdest people
in the world” (cf. Henrich et al. 2010) in the artificial context of the laboratory, a
second step is needed. This second step does not just consist of collecting the same
kind of samples as in the original experiments to check whether the predictions hold
true in other samples as well. The true test of the theory is to study the patterns
that the theory implies at other levels of observation and in the context of different
populations. If the theory can correctly predict patterns at other levels of aggregation
and for contexts in which the theory was not originally developed, this indicates the
validity and structural realism of the model and underlying theory (Grimm et al.
2005; Hedström and Swedberg 1998).
To further illustrate this process, consider a specific example from the field
of population studies. In today’s Western societies, in which feelings of mutual
attraction are considered a key determinant of heterosexual marriage, knowledge
about the characteristics that men and women prefer in each other is crucial to
understand how observed marriage patterns come about (cf. Buss et al. 2001).
Over the last years, research in sociology, psychology, and economics has devised
ingenious ways to gain insights into these preferences, for example, by use of
census and survey data (e.g., England and McClintock 2009), vignette studies (e.g.,
Greitemeyer 2007), and speed dating experiments and procedural data generated
by online dating platforms (e.g., Skopek et al. 2011). Apart from census data
and national representative surveys, none of these sources could be considered
congruent with the ‘closed’ concept of population dominating in demography. Yet,
as Grow and Van Bavel (2015a) have shown, the insights gained from such small
scale and highly detailed studies can help formulating theories about mate search
and processes involved in union formation. ABM makes it possible to compute the
implications of these theories, which can then be compared with empirical data
observed in another context than the one that first inspired the theories, namely
national marriage markets.
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1.4 Contributions to Agent-Based Modelling in this Book
The chapters in this book address many of the issues that we have outlined up to
this point. The chapters in the section ‘Perspectives on Agent-Based Modelling in
Population Studies’ discuss in more detail the tasks that lie ahead and the steps that
need to be taken to connect the ‘closed’ and ‘open’ concepts of population. They
also highlight the benefits that agent-based modelling might yield in this process.
The integration of empirical data and ABM will require some methodological
advancements and the chapters in the section ‘Designing, Analysing, and Reporting
Agent-Based Models’ illustrate some of the most recent developments in this
direction. As argued earlier, ABM requires theories about individual behaviour and
the chapters in the section ‘Modelling Decision Processes’ illustrate in detail how
existing theories can be adjusted and implemented in agent-based models. Finally,
the chapters in the sections ‘Family Formation and Fertility’ and ‘Health, Mortality,
and Support in Old Age’ provide applied examples of how ABM can be fruitfully
used to study demographic phenomena. In this section, we briefly review each of
the chapters.
1.4.1 Perspectives on Agent-Based Modelling in Population
Studies
In Chap. 2, Courgeau et al. (2016) trace the methodological developments in
demography over its 350-year history and suggest that the introduction of model-
based approaches to the field, such as ABM, constitutes a paradigmatic shift. This
shift results from an increased interest in individual behaviour and interactions in
population research and the authors highlight that in contrast to ABM, the hitherto
dominant methodological approaches do not make it possible to model the ‘two-
way flow’ between the micro and the macro level. Yet, they also highlight that
ABM should not be seen as an alternative to other, more empirical methods in
demography. Instead, in their outline of a possible research agenda for model-based
demography, they make the strong point that there needs to be a close connection
between empirical research and ABM. This ensures that the insights into population
dynamics that ABM might yield are firmly grounded in empirical evidence and are
not based on arbitrary assumptions that are disconnected from reality.
In line with some of the views outlined by Courgeau et al. (2016), in Chap. 3
Prskawetz (2016) points out that there is increasing consensus in that individuals’
demographic decisions cannot be explained in isolation of the networks they are
embedded in. She argues that ABM is particularly suitable to study such network
effects from the bottom up and subsequently illustrates this capability of ABM with
examples from her own work. Along the way, she discusses some of the central
decisions that need to be taken when developing agent-based models; this will
provide valuable guidance for novices to the field. In the last example, she also
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highlights the capability of ABM to conduct ‘what if’ experiments and illustrates
the usefulness of this possibility by showing how it can be used to assess potential
policy implications.
1.4.2 Designing, Analysing, and Reporting Agent-Based
Models
In Chap. 4, Richiardi and Richardson (2016) provide a step-by-step guide for a
new open-source, Java-based simulation platform, JAS-mine, that makes it possible
to easily combine aspects of micro-simulation models with aspects of agent-based
models. The development of this platform was instigated by the observation that
although micro-simulation and ABM have been developed with different goals
(i.e. data-based forecasting based on probabilistic regression models vs. theory
development and understanding with a focus on interactions between individuals),
they also share important commonalities, such as that they are discrete-event
simulations, are recursive, and that the states of individuals evolve over time. Both
approaches have their unique strengths that JAS-mine aims to combine, while at
the same time providing a convenient structure to separate the modelling process
from the data recording process. Such developments in ABM software will greatly
facilitate the grounding of agent-based models in empirical data.
In Chap. 5, Zinn (2016) illustrates how an integration of micro-simulation models
and ABM, as addressed by Richiardi and Richardson (2016), can be achieved. As
she points out, micro-simulation lends itself to conducting fine-grained population
projections under the assumption that individuals do not interact with each other. If
this is combined with ABM’s capability to model social relations and interactions, it
becomes possible to model life courses of both individuals and couples at the same
time. For this, Zinn relies on the ml-DEVS formalism and implements the model in
the simulation framework JAMES II. Her exemplary analysis attests to the potential
of this approach and her work provides a frame of reference for those interested in
combining micro-simulation with ABM.
Next to having the technical possibility to infuse agent-based models with
empirical data, it is important that the field develops ‘best practices’ as to how
empirical data should be used. In Chap. 6, Williams et al. (2016) provide one of
the first steps in this direction. Drawing on related research in geographic and
land use sciences, the authors illustrate how various sources of information (in
particular survey data) can be used to implement a detailed representation of a
specific population, both in terms of structure and decision processes. They also
illustrate how the resulting model can be used to conduct ‘what if’ experiments to
gain deeper insights into the processes that underlie observed population changes.
Even if a model has been calibrated with empirical data, there often is uncertainty
in terms of how different model aspects (i.e. different parameters) relate to model
outcomes and under which conditions the model actually is able to reproduce
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observed population patterns. One way to deal with this uncertainty is by the
systematic design of simulation experiments combined with metamodels. In a
nutshell, metamodels treat a simulation model as a black box and express the
relation between model inputs and outputs by means of a statistical function. In
Chap. 7, Grow (2016) illustrates the use of metamodels based on ordinary least
squares regression analysis, whereas in Chap. 8 Hilton and Bijak (2016) illustrate
the use of Gaussian process emulators. As the authors point out, metamodels based
on regression analysis are an efficient tool to explore and describe input/output
relations that can be described with polynomials. Gaussian process emulators
make it possible to describe even more complex input/output relations and provide
additional information about model uncertainty.
As Courgeau et al. (2016) argue, theory development by means of ABM will
require explicit documentation of the way in which the simulation model was
constructed and what assumptions guided this process. In Chap. 9, Groeneveld
et al. (2016) review existing practices of model description in demographic research
and come to the conclusion that so far no standard has emerged. After making
the case that standardized descriptions can yield many benefits (e.g., enhanced
replicability), they suggest the ODDCD standard as a possible candidate. Based on
their experiences with an exemplary application to a demographic ABM, they also
make recommendations as to how the standard could be adjusted to accommodate
some aspects specific to demographic simulations.
1.4.3 Modelling Decision Processes
In developing agent-based models, researchers often have to draw on theories that
were not developed with a procedural and dynamic focus. In Chap. 10, Willekens
(2016) shows how existing theories from other fields of social research can be
adjusted to better fit with the process-orientation of ABM. He uses the theory of
planned behaviour to model the decisions that underlie international migration. For
this, he extends the theory, so that it takes into account that the decision to migrate
has a (random) processual character: the decision consists of several stages and
it takes individuals time to transition from one stage to the other, contingent on
systematic and random factors. He parametrizes the resulting simulation model with
data from the Gallup World Poll 2005 and other sources and shows that it reproduces
some stylized facts of international migration.
Agent-based models are often criticised for being based on ad hoc assumptions
about individual behaviours and decision processes. In Chap. 11, Gray et al. (2016)
address this issue by drawing on a long tradition of research in decision theory for
modelling women’s decision to disclose alcohol consumption during pregnancy to
midwives. The authors frame the decision as a game theoretic problem in which both
women and midwives are uncertain about the motivations and behaviours of each
other. In the resulting signalling game, the authors compare four different decision
models that differ in the complexity of the representation of the decision process
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within individuals. The results of the simulation experiments show that the different
rules lead to somewhat different outcomes and therefore also lead to different
recommendations for ways to enhance disclosure by women. This highlights the
need to collect additional detailed data in this area where empirical insights are so
far limited.
1.4.4 Family Formation and Fertility
In Chap. 12, Kashyap and Villavicencio (2016) explore the mechanism that might
explain the rise in the sex ratio at birth (measured as the number of males per
100 females) that has accompanied the fertility decline over the last decades in
Asia and the Caucasus. Congruent with earlier theoretical research, the model
conceptualises sex ratio imbalances as the result of an interplay between son
preferences, technology diffusion, and fertility decline. Using UN data to validate
the model in the contexts of South Korea and India, one of the central insights of
this study is that even if son preferences would have declined, an increase in the sex
ratio at birth can arise from an increase in the accessibility of techniques that make
sex-selective abortion possible combined with a decrease in total fertility levels. An
important strength of this study is its cross-national approach, that attests to the
generality of the processes that are modelled.
In Chap. 13 Klüsener et al. (2016) study the role that socially and spatially struc-
tured communication and influence processes might have played in the historical
fertility decline observed in Sweden between 1880 and 1900. The chapter illustrates
how the creative use of available census and GIS data facilitates conducting
‘what if’ experiments that help to uncover some of the processes that might have
contributed to observed changes in (historical) populations whose members (and
their interactions) cannot be studied in depth anymore. The results suggest that
their diffusion model can reproduce many of the spatiotemporal properties of the
observed fertility decline. In Chap. 14, Ciganda and Villavicencio (2016) also
explore the mechanisms that might have generated observed trends in fertility, but in
a more recent time period (1944–2014) in Spain. The authors model these trends as
the outcome of an interplay between educational expansion (increasing the average
opportunity costs for having children), increasing economic uncertainty, and social
influence processes. The model illustrates how effects from factors exogenous to
the social interactions under consideration can be amplified by precisely these
interactions.
1.4.5 Health, Mortality, and Support in Old Age
In Chap. 15, Kluge and Vogt (2016) employ the case of the German reunification in
1990 as a natural experiment to address the question whether the positive association
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between income and old-age survival comes about through the goods and services
that income can buy, or through third factors that affect both. In their modelling
efforts, the authors focus on intra-familial exchange as a potential source of the
observed association and draw on a variety of data sources for calibrating the model.
Interactions occur within families and concern the exchange of income of parents for
care from their children. The model can generate part of the observed changes in old-
age survival in Eastern Germany after reunification and suggests that this increase
might be partially caused by an increase in purchasing power and an increase in
intra-familial exchanges.
In Chap. 16, Deconinck et al. (2016) show how ABM can be used to inform
intervention strategies to reduce the effects of severe acute malnutrition. The authors
highlight that the design and study of such interventions suffers from a lack of data
and understanding of health system dynamics. They suggest that the theoretical,
rule-based nature of ABM makes it possible to study factors that might potentially
affect the effectiveness of interventions despite lack of data. For this, it is central to
involve subject matter experts and practitioners in the model development process,
to create accurate representations of the decision rules and interactions that occur in
the actual system and to raise awareness among potential stakeholders.
In Chap. 17, finally, Wolfson et al. (2016) study the puzzling observation that
in the US there exists an association between city-level income inequality and
mortality, whereas no such association exists in Canada. Their main intuition is that
this difference might be caused by the fact in US cities income segregation tends to
be higher than in Canada. That is, in the US, there is more residential segregation
in terms of income than in Canada and this might indirectly affect mortality rates
through the properties of the communities (e.g., school quality) that feed back into
the individual characteristics relevant for mortality (e.g., educational attainment).
Using a simulation model that incorporates interactions between aspects of different
layers of society (i.e. individuals, families, neighbourhoods, and cities), the authors
find that their model is indeed able to generate patterns of mortality that are similar
to those observed in reality, but for reasons that are different from what they
expected.
1.5 Towards Evolutionary Population Theory
As we have indicated earlier, ABM is a useful method to help developing population
thinking. The method itself is agnostic about the theory that is used to reason
about the mechanisms that link the micro and the macro level. The diversity of the
theoretical approaches used in the chapters of this volume attest to this flexibility
of ABM. Yet, if demographic phenomena are phenomena sui generis, what kind of
theory can we reasonably be looking for to explain them? In this closing section, we
describe why we think that evolutionary theory is a particularly attractive candidate
for this. Note that this represents our view, which does not necessarily represent the
views of the other contributors to this volume.
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1.5.1 The Basic Tenets of Evolutionary Theory
Inspired by thermodynamics, Lotka (1945) still had a concept of theory in mind
consisting of a system of “laws” within which, “by the application of relatively few
fundamental principles, the course of events can be rigorously deduced for innu-
merable specific situations” (Lotka 1945, p. 172, italics as in original). However,
“demography is neither theoretical physics nor is it mineralogical chemistry”: with
this truism, Charbit (2009, p. 48) wants to highlight something he thinks is particular
for the human sciences: because demography is a human science, theories are based
on factors that are peculiar to a given historical context. Indeed, doing social science
is not about finding eternal laws that allow us to predict the future. It might therefore
be tempting to dismiss altogether the idea of a general theory of population and to
stick with idiosyncratic narratives that might explain in a particular context why
things happened the way they did.
Although we agree that historical peculiarities do and should play a role in
social scientific research and theory, one could also argue that this epistemological
point of view reveals a lack of ambition for the social sciences. Why would this
argument hold for the social sciences and not for the biological sciences? Aren’t
plants and animals, in their phenotypic appearance and behaviour, also peculiar to
their historical environment? It is precisely the uniqueness of every plant and animal
that is highlighted in the populationist biology inherited from Charles Darwin (Mayr
2002, pp. 90–93). Darwinian evolutionary theory can be considered superior to the
earlier, essentialist ways of theorizing about biological diversity because it is able
to account for the changing biological diversity and developments that occurred in
time not only before, but also after the formulation of the theory (Boyd and Silk
2009; Mayr 2002); it is able to “describe and explain phenomena with considerable
precision”, even if it cannot make reliable predictions about the future (Mayr 1961,
p. 1504).
While demography and evolutionary biology have followed very different
and increasingly divergent pathways after the Second World War, a Darwinian
renaissance got started in recent decades, with an increasing number of papers
inspired by evolutionary theory being published in mainstream demography journals
(Sear 2015a). It would be good to intensify the conversation between demography
and evolutionary theory. We concur with Sear (2015b) that the endorsement of
evolutionary demography does not at all imply that evolutionary theory would be
the only theoretical framework that has value in explaining demographic behaviour,
but rather that it can inform, enrich, and stimulate theory development in our field.
The key ideas of evolutionary theory in biology are simple, but nevertheless often
poorly understood: in a nutshell, organisms evolve through variation and differential
selection. No two living organisms are exactly the same; for both genetic as well
as environmental reasons, there is always variation. Not all variants survive and
produce offspring in the next generation to the same extent. Those variants that
survive and produce a lot of offspring in a given environment have high fitness,
which by definition implies that such variants will become more common in the
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next generation; variants with fewer offspring will be encountered less frequently
in the next generation. This is what is meant by differential selection: in a given
environment, some variants will become more common over the generations, others
will become less common. Features or variations that lead to high fitness in their
environment are called adaptive (Mayr 2002). Of course, environments can and do
change, implying that well-adapted organisms at one point in time may turn out to
be very badly adapted to the new situation – ‘maladapted’, implying no more nor
less than that they will become rarer over the generations.
This basic mechanism is key to explaining how humans and other living
organisms evolved (Boyd and Silk 2009). The basic principles have also been
applied to the evolution of culture (Richerson and Boyd 2005), although such
application of evolutionary theory is still less widely accepted. The same holds for
more recent models of gene-culture coevolution. Such models are being developed
since it is becoming clear that culture has affected and is affecting the human
genome (Laland et al. 2010) through processes such as niche construction (Kendal
et al. 2011).
One of the reasons why evolutionary theory seems suitable as a general
theoretical framework for human demography (and, more generally, the social
sciences) is that it does justice to the fundamental contingency of human populations
and societies. Evolutionary theory is not deterministic. Rather to the contrary: it is
fundamentally probabilistic and acknowledges the fundamental contingency of life.
Evolutionary theory does not allow to predict the substance of the future because
it does not have information about the substantive direction. Instead, evolutionary
theory contains of “a set of interacting mechanisms resulting in the production of
variation and its selection” (Hammel and Howell 1987, p. 142).
Evolutionary theory is not teleological (Mayr 1961, 2002); there is no need to
assume that evolution has a direction (in contrast to what has often been claimed,
see, e.g., Lotka 1945) It does certainly not claim that evolution leads to perfection
(even if we would know what perfection is), nor does it imply that things evolve
to always get better – in biological evolution, organisms that may have thrived
very well in one environment, may become extinct as the environment changes.
Evolutionary theory is also not essentialist. Darwin had a hard time defending his
populationist approach against the essentialist claims about the ‘true’ nature of
different species (Mayr 1991, 2002).
Demography and populationist thinking is already playing an important role in
evolutionary theory. “Human culture and biology jointly and collaboratively drive
the evolution of human demography” (Levitis 2015, p. 415). Hammel and Howell
(1987) called for an evolutionary theory “in which demographic events are the
central mechanism and leading indicators of the coevolution of bodies, minds, and
societies” (p.142). Recognizing that birth, marriage, migration, and death have both
biological and cultural significance in any human society, and that the subject matter
of demography is cutting across the sub-disciplines of the social and biological
sciences, they argue that a demographically based formulation of evolutionary
theory may integrate important aspects of cultural and biological evolution. More
recently, Metcalf and Pavard (2007a) argued that “evolutionary biologists should
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be demographers” because evolution depends on fertility, migration, and mortality,
as well as on population growth and structure; in other words: “All paths to
fitness lead through demography” (Metcalf and Pavard 2007b). Therefore, evolu-
tionary demography aims to cross barriers between social scientific and biological
approaches to population processes by combining concepts and tools of demography
and evolution, hoping to enhance the scope of both fields (Levitis 2015).
1.5.2 Agent-Based Modelling and the Evolutionary Approach
As indicated earlier, human populations are complex adaptive systems. Miller and
Page (2007, pp. 78–89) discuss a range of characteristics of ABM that makes the
approach particularly well suited to study such systems: the focus on dynamics and
processes, the scalability and flexibility, the feasibility to model adaptive rather
than optimizing agents, and the enhanced ability to address the role played by
heterogeneity and variation. These features also make ABM particularly well suited
as a tool to help developing an evolutionary approach in demography.
Agent-based models are inherently dynamic: even if one can take snapshots of
the system’s situation at discrete points in time, the results of the model change
over time and the focus is drawn to the process at least as much as to the outcome.
Like evolutionary theory, ABMs are inherently process oriented: the focus is
on understanding the mechanisms that produce or reduce diversity and change.
Evolutionary theory is about mechanisms rather than “laws”, and ABM facilitates
the investigation of mechanisms, where mechanisms can be considered halfway
“between laws and descriptions” (Billari et al. 2003, p. 13).
Axelrod and Hamilton (1981) powerfully illustrate how a focus on dynamics
may be crucial for our understanding. They showed how cooperation in populations
may evolve even under conditions that, at any one point in time, imply no
cooperation. A criticism by Venturini et al. (2015) on ABM maintains that it
“cannot but confirm” individualistic behaviour and that it is unable to understand
human cooperation. Indeed, in the first model developed by Axelrod and Hamilton,
individual agents face a prisoner’s dilemma that cannot be overcome in a single
shot. Yet, when iterated over time, in a second model, cooperation emerges as
a viable strategy (Venturini and colleagues seem to have missed this landmark
paper). More generally, when developing a theoretical model, one can aim either
at reproducing important features of the target system at a given point in time,
or at modelling its evolution, i.e., at reproducing the changes that would occur
across generations. Ideally, however, a good model should be able to reproduce both
aspects of the phenomenon, and ABM facilitates such combination (Campennì and
Schino 2014). In line with this, evolutionary demography involves investigating both
how demographic processes evolve over time and the outcomes of such evolution
(including population structure and composition) at given points in time.
Evolutionary demography not only involves integrating the cross-sectional and
the longitudinal, it should also integrate insights gained at different levels of
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magnitude or scale and in diverging scholarly disciplines (from the molecular
micro level of genetics to the macro level of human populations embedded in a
globalizing society) (Kaplan and Gurven 2008). Demographic theory “thus faces
the same issues raised by Darwinian population thinking: both observed population
processes at a local scale and testable models at higher levels of aggregation are
necessary, and theoretical formulations confined to one or the other are incomplete”
(Kreager 2015a, p. 81). The scalability of ABMs and the flexibility of specifying
agent behaviour and interactions are particularly useful here. The scalability refers
to the ability of ABM to explore a system’s behaviour both with a very low and
a very high number of agents, and to switch the focus from micro- to macro-level
system properties. The flexibility refers to the fact that ABMs can capture a very
wide class of behaviours, which is particularly useful for implementing the insights
from different study disciplines. Agents may, for example, respond to the constraints
imposed by the human metabolic system as well as to the cultural rules implied by
human society. Both kinds of rules can be specified in the same ABM, and the
emerging properties can be studied at the level of individual agent behaviour, at the
neighbourhood level, or at the population level. Mechanisms involved in multiple
inheritance models, like the triple inheritance model involving genetic, ecological,
and cultural inheritance (see Kendal et al. 2011) can be implemented explicitly in
ABM. Change across generations can be simulated over thousands of generations,
and snapshots can be taken at each point in time, enabling comparison with real-life
data employing standard statistical tools.
Given the dynamic nature and flexibility of ABMs, agents can be designed to
be adaptive, i.e., as learning from previous experiences within or across gener-
ations, or both. This allows moving away from the unrealistic, rationalistic, and
atomistic models of well-informed agents who rationally processes all the relevant
information to optimize behaviour to maximize utility (Miller and Page 2007, pp.
81–83). With ABM, it is possible to specify agents that learn, build networks, gain
or lose power and influence, and inherit knowledge and resources from previous
generations. The criticism that ABM is inherently atomistic and apolitical (Venturini
et al. 2015) is therefore poorly targeted. For application to human demography,
the model of adaptive rather than optimizing agents is much more consistent with
evolutionary theory as well as with basic insights from psychology and sociology.
Finally, while conventional models often assume that the underlying agents have
a high degree of homogeneity, where differences are typically described in terms
of conditional averages, ABM facilitates to focus more on heterogeneity – even if
it may turn out, empirically, that the aggregate system behaviour does not depend
on the details of each agent (Miller and Page 2007, pp. 84–85). ABM does not
require making any assumption about the homogeneity of agent populations, which
is a key advantage given that heterogeneity is a core aspect of populations and
population models (Billari et al. 2003, p. 12). While the focus of conventional
statistical approaches is on how averages depend on a set of variables – an approach
in the tradition of “the average man” (Quetelet 1835) – this may be insufficient to do
justice to the role played by diversity and variation in explaining population patterns
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and change. Ernst Mayr even went so far as to imply that statistical methods do not
really represent population thinking at all (Kreager 2015a, p. 78).
Enhancing the ability to address the role played by heterogeneity seems impor-
tant for improving population theory, for example for improving demographic
transition theory. In applications of ABM, it has become clear that a given outcome
may be produced by different pathways or that a given pathway may lead to
very different outcomes, depending on the size and composition of the population.
Similarly, ABM has proven to be able to yield both results exemplifying convergent
evolution (initially major differences in the population becoming smaller over time)
as well as divergent evolution (minor initial differences that magnify over time
and generations) (see Axelrod 1997). This matches very well with the observation
that, while the transition from (moderately) high to low mortality and fertility in
modern populations is a quite general phenomenon, uniform explanations in terms
of macro-level factors and processes such as industrialisation, urbanisation, and
modernisation have failed the empirical tests to a very large extent (Szreter 1993;
Van Bavel 2010b; Watkins 1986).
For example, the secular decline of fertility got started under widely differ-
ent economic conditions, unexplainable by standard modernisation theories, or
failed to kick off when theory would have predicted this. Theories such as those
developed by Frank Notestein spoke about interactions between the economy and
populations largely at the macro level, without accounting for the heterogeneity
within economies and populations. This approach “pushed key aspects of population
variation and change to the margins” (Kreager 2015a, p. 79). Thanks to more
detailed research in historical demography, often looking at very specific local
communities and populations, it became clear that fertility and mortality decline
can take place under widely differing conditions. This has stimulated the field to
increasingly reconsider the role of local networks of communication in demographic
change. In-depth study of local populations, conceived of in the ‘open’ rather
than the ‘closed’ way, enabled us to understand more about the role played by
distinctive environmental and cultural constraints existing prior to ‘big’ forces such
as industrialization and modernization, implying that there is not one universal
‘transition’ pathway. The continuing diversity observed in demographic phenomena
like ‘the’ demographic transition highlights that it will be key for demographic the-
ory to understand the mechanisms that continue to renew population heterogeneity
(Kreager 2015a, pp. 80–81), and ABM promises to be very helpful in gaining such
understanding.
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